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ABSTRACT
Stomach contents of Epinephelus marginatus were analyzed to determine their food habits and the relationship
with the predator size. Also, the food habits of Epinephelus costae were studied and results obtained for both
species were compared according to the ecological categories of preys found in the stomach contents,
percentage number (N%) and frequency of occurrence (F%). Results revealed that fishes (33.3%), crustaceans
(30.1%) and mollusks (36.6%) were the main preys consumed by E. marginatus. The main prey consumed by
Epinephelus costae was fishes (97.1%) and mollusks (2.9%) were occasionally found inside their stomachs.
Comparison of ecological categories of prey for both species indicated that E. marginatus fed on benthonic
species and E. costae on pelagic species. The relation between diet and size of E. marginatus is discussed in
the text. 
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RESUMEN
Los contenidos estomacales de E. marginatus fueron estudiados para determinar sus hábitos alimentarios y la
relación de los mismos con la talla de los individuos. También, los hábitos alimentarios de E. costae fueron
estudiados y los resultados obtenidos para ambas especies fueron comparados en base a las categorías
ecológicas de las presas halladas en los contenidos estomacales, al porcentaje en número N(%) y a la
frecuencia de ocurrencia F(%). Los resultados revelaron que los peces (N 33.3 %), crustáceos (30.1%) y los
moluscos (36.5%) fueron los grupos de presas principales consumidos por E. marginatus. Los peces (97.1%)
fueron las presas más comunes en el contenido estomacal de E. costae y los moluscos se hallaron
ocasionalmente (2.9%). La comparación de las categorías ecológicas entre ambas especies indicaron que E.
marginatus consume preferentemente especies bentónicas y E. costae especies pelágicas. La relación entre la
dieta y la talla de E. marginatus, es discutida en el texto




Like other groupers, the dusky grouper Epinephelus
marginatus is considered in several countries a fish with
excellent quality and it is highly valued. Traditional human
exploitation techniques (e.g. diving and other activities) have
caused a sharp decrease of grouper populations. It is a fact
that the occurrence of this species along Spanish coasts is
now becoming rare. In Spain, landings of this specie have
decreased from 605 metric tons in 1978 to 0 metric tons in
1986 (FAO, 1991).
Groupers (Osteichtyes, Serranidae) are predatory car-
nivorous fishes that feed on a large variety of crustaceans,
mollusks and other fishes. They inhabit flat rocky platforms
and other rocky sites, coralliferous buildings, crevices, caves
and sea grass beds (Heemstra & Randall, 1993). It seems that
is in these habitats where they are able to locate the majority
of their preys.
The available data of grouper food habits demonstrate
that they are similar to other large predatory fish, which feed
throughout the day (Vivien, 1973). Although, there are studies
that suggest peaks of feeding activity during daylight (Randall
& Brock, 1960) or during the night (Schroeder, 1964). It is
reported that a higher feeding activity is observed before sun-
rise and after the sunset (Vivien, 1973). 
Previous studies have focused on the feeding behavior
and general analysis of food habits of E. marginatus (Cadenat,
1954; Neill, 1967; Bouain, 1984; Bruslé, 1985; Chauvet, 1991;
Ghafir & Guerrab, 1992; Derbal & Kara, 1996). There are
reports of daily changes on the diet of E. marginatus, indicat-
ing a peak of feeding activity at dusk (Abel, 1962) or daylight
(Neill, 1967; Ghafir & Guerrab, 1992). Seasonal changes in
food habits of E. marginatus demonstrate that the highest
feeding activity can be observed throughout September and
November (Chauvet, 1991). Studies of summer feeding habits
demonstrate a diet composed primarily of fishes, crustaceans
and cephalopods (Derbal & Kara, 1996).
On the contrary, there is a small amount of information
about the biology of the goldblotch grouper, E. costae. These
reports basically describe their reproduction cycle (Bouain
and Siau, 1983) and age and growth (Bouain, 1986). 
In this study we describe the food habits of groupers E.
marginatus and E. costae. Their diet was compared according
to the ecological categories of the preys obtained and the
relationship between food habits and predator size for E.
marginatus was described.
MATERIAL AND METHODS
Fishes were collected along the Mediterranean Coast of
Spain (North Coast of Barcelona to Tarragona and in
Mallorca, Menorca and Almería Coasts) throughout one year
(Figure 1). The topography of these coasts varies from rocky
(flat rocky platform and other rocky sites) to large sea grass
Posidonia oceanica (Linnaeus Delile) beds, or small rocky
sites surrounded by large sand bottoms. 
From 1992 to 1995 fishes were colleted from sport fishing
competitions. Fishes were captured by spear gun from 8:00 to
15:00 h in the afternoon, approximately, in a range of depths
from 5 to 40 m. Ten fishes were collected at winter, 19 at
spring, 48 at summer and 94 at autumn. Individuals of E. mar-
ginatus (n= 139) and E. costae (n= 24) had a total weight rang-
ing from 0.325 to 20.88 Kg and 0.06 to 7.55 Kg, respectively.
Captured fishes were measured for total weight (Kg), stan-
dard length (cm) and digestive tracts removed. Stomach con-
tents were preserved entirely in 10% formalin for later
analysis.
Animal preys were identified taxonomically, counted
and assigned the following ecological categories: Pelagic,
Benthopelagic, Suprabenthic and Epibenthic. Weight of food
items present in the stomach was recorded for a few numbers
of fish because it was frequent the digestion of these con-
tents. Stomachs were considered empty when a negligible
amount of unidentifiable material was present in the sample.
The relative importance of food categories was evaluat-
ed by calculating the frequency of occurrence (F%) and the
percentage number (N%). Empty digestive tracts were omit-
ted when estimating the frequency of occurrence and the
percentage number (Hyslop, 1980). The mean number of
ingested organism per fish (n) and a vacuity index (VI; per-
centage of empty guts) were also calculated. Schoener’s
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Figure 1. Map showing the Mediterranean Coast of Spain were
groupers E. marginatus and E. costae were collected.
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Food habits of groupers
Table 1: Prey species recorded in stomachs contents of Epinephelus marginatus.
Occurrence F F N N E
(%) (%)
Epinephelus marginatus
Pisces 59 51.3 62 33.3
Osteichthyes indet 33 28.7 33 17.7
Osteichthyes 57 49.6 61 32.8
Serranidae indet. 1 0.9 3 1.6
Serranus sp. 1 0.9 1 0.5 Sb
Chromis chromis 2 1.7 3 1.6 Sb
Apogon imberbis 1 0.9 1 0.5 Sb
Sparidae indet. 2 1.7 3 1.6
Diplodus sp. 1 0.9 1 0.5 Bp
Pagellus acarne 1 0.9 1 0.5 Bp
Pagellus sp. 1 0.9 1 0.5 Bp
Sarpa salpa 3 2.6 3 1.6 Bp
Conger conger 2 1.7 2 1.1 Sb
Sphyraena sphyraena 1 0.9 1 0.5 Pe
Trachurus trachurus 2 1.7 3 1.6 Pe
Scorpaena sp. 3 2.6 4 2.2 Sb
Gadidae 1 0.9 1 0.5
Condrichthyes indet. 1 0.9 1 0.5
Mollusca 51 44.3 68 36.6
Mollusca indet. 1 0.9 1 0.5
Cephalopoda 47 40.9 64 34.4
Cephalopoda indet. 1 0.9 1 0.5
Octopus vulgaris 44 38.3 60 32.3 Eb
Sepia officinalis 3 2.6 3 1.6 Bp
Gastropoda
Casidaria sp. 1 0.9 1 0.5 Eb
Murex brandaris 1 0.9 1 0.5 Eb
Bivalvia
Spondilus gaederopus 1 0.9 1 0.5 Eb
Artropoda
Crustacea 41 35.7 56 30.1
Crustacea indet. 10 8.7 10 5.4
Braquiura 27 23.5 38 20.4
Braquiura indet. 8 7.0 14 7.5
Liocarcinus corrugatus 9 7.8 9 4.8 Eb
Pisa nodipes 2 1.7 2 1.1 Eb
Pisa sp. 1 0.9 1 0.5 Eb
Pilumnus sp. 4 3.5 4 2.2 Eb
Eriphia sp. 2 1.7 2 1.1 Eb
Maia sp. 2 1.7 2 1.1 Eb
Maia verrucosa 1 0.9 1 0.5 Eb
Calappa granulatta 1 0.9 1 0.5 Eb
Herbstia sp. 2 1.7 2 1.1 Eb
Macrura reptantia 7 6.1 7 3.8
Scyllarus arctus 7 6.1 7 3.8 Eb
Natantia indet. 1 0.9 1 0.5




index was used to measure dietary overlap between groupers
of different size classes (Schoener, 1970):
Cxy = 1.0 - 0.5 (∑|Pxi - Pyi|)
Where, Pxi and Pyi are the estimated proportions by
number of prey (i) in the diets of size classes or collection
sites (x and y, respectively). It ranges from 0, which indicate
no overlap, to 1 indicating a complete overlap. Based on pre-
vious studies (Zaret and Rand, 1971; Wallace, 1981), results
from the Schoener’s index above 0.6 were considered as a
significant dietary overlap.
Because the importance of Octopus vulgaris (Cuvier) as
prey for every weight class a regression between weight of O.
vulgaris and predator was conducted. Total weight of this
item was retro-calculated from the measurement of the beaks
(Clarke, 1986).
RESULTS




Twenty-four of the 139 dusky groupers had empty stom-
achs so the analyses of their contents were limited to 115
individuals. The percentage of empty guts was 16.6% and the
mean number of ingested organisms was 1.56 org/fish. A total
of 186 preys were recorded, 20 families were identified and 26
preys were identified to the species or genus level.
Percentage number and frequency of occurrence of main
prey are summarized in Tables 1 and 3.
Diet of E. marginatus was composed primarily of mol-
lusks, fishes and crustaceans with percentages of 36.6, 33.3
and 30.1%, respectively. Fishes were ingested by 51.3% of the
individuals and were composed mainly of Sparidae followed
by Serranidae families. Mollusks were consumed by 44.3% of
the specimens studied, being Cephalopods the most frequent
(40.9%). These were mainly Octopus vulgaris followed by
Sepia officinalis (Linnaeus). Crustaceans were ingested by
35.7% of the fishes and the Reptantia group the most signifi-
cant category. The most frequent species found was
Liocarcinus corrugatus (Pennant) followed by Scyllarus arc-
tus (Linnaeus) and Pilumnus sp (Leach). 
The most frequent species was O. vulgaris, which was
ingested by 38.3% of the analyzed fish. Regression analysis
between O. vulgaris weight and predator weight was no sta-
tistically different.
Epinephelus costae
Three individuals of this specie had empty stomachs lim-
iting the analysis to 21 stomach contents. The percentage of
empty guts was 12.5% and the mean number of ingested
organisms 4.95 org/fish. A total of 104 preys were recorded, it
was possible to identify 5 families and 4 preys were identified
to the species or genus level. Percentage number and fre-
quency of occurrence of prey is summarized in Tables 2 and 3.
The food items for E. costae were mainly fishes, being
97.1% of the total number of prey. This group was represent-
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Table 2: Prey species recorded in stomachs contents of Epinephelus costae. 
Occurrence F F N N E
(%) (%)
Epinephelus costae
Pisces 17 81.0 101 97.1
Pisces indet. 13 61.9 22 21.2
Sparidae 4 19.0 76 73.1
Sparidae indet. 2 9.5 2 1.9
Boops boops 2 9.5 74 71.2 Pe
Belone belone 1 4.8 1 1.0 Pe
Scorpaenidae indet. 1 4.8 1 1.0 Sb
Sardina pilchardus 1 4.8 1 1.0 Pe
Mollusca 3 14.3 3 2.9
Cephalopoda 3 14.3 3 2.9
Cephalopoda indet. 2 9.5 2 1.9
Octopus vulgaris 1 4.8 1 1.0 Eb
Percentage number (N), Frequency of occurrence (F) and Ecological Category (E). Pelagic (Pe), Benthopelagic (Bp), Suprabenthic (Sb) and
Epibenthic (Eb).
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ed primarily by the Sparidae family (73.1%), and was mainly
composed by Boops boops (Linnaeus) that represented 71.2%
of the total number of prey. Mollusks of the Cephalopoda
(Cuvier) class were present in a frequency of 2.9%.
Feeding of E. marginatus with relation to fish size
Fish were grouped into seven weight classes for which
the percentage and frequency of the main food categories
are listed in Table 4. Dietary overlap was observed in 15 of the
21 results between size classes. (Table 5).
Furthermore, the total number of mollusks and fishes
increased with fish size. Our results clearly demonstrate that
these preys are dominant in the diet of larger/older groupers.
On the other hand, the number of crustaceans ingested
decreased proportionally with fish size (Table 4).
The percentage of empty guts in the weight classes
ranged from 0 to 36.3% and the mean number of ingested
organisms was from 1.33 to 2 org/fish.
Differences between species
Percentage number (N%) and frequency of occurrence
(F%) of main prey categories of E. marginatus and E. costae
are presented in Table 3 and Figure 2. It seems that E. costae
fed on fish preferably while E. marginatus fed on fishes, mol-
lusks and crustaceans with similar percentages.
Epibenthic species were the main preys consumed by E.
marginatus counting 79.7% of the total number followed by
preys in the Suprabenthic category (9.3%). Pelagic and
Benthopelagic preys represented 11% of the organisms con-
sumed by this specie. The main preys for E. costae belong to
pelagic ecological category with 97.4% of the total food con-
sumed, followed by species related to the benthos (2.6%). The
ecological categories for each prey are summarized in Tables
1 and 2. 
The differences between the prey ecological categories
for both species are observed in Figure 3.
DISCUSSION
In this study as in previous ones (Chauvet, 1991; Ghafir
and Guerrab, 1992 and Derbal and Kara, 1996), fish, mollusks
and crustaceans were identified as common preys for the
dusky grouper, E. marginatus. Furthermore, similar percent-
ages of preys (fish, mollusks and crustaceans) were found
inside the stomachs. This contrasts with some studies where
groups themselves like crustaceans (Derbal and Kara, 1996)
or mollusks (Chauvet, 1991; Ghafir and Guerrab, 1992) or mol-
lusks and fishes (Barreiros and Santos, 1998) were found to
be the most frequent prey group. We believe that those find-
ings are related to the small number of organisms sampled
giving as a result diets composed primarily of fishes and crus-
taceans (Bruslé, 1985) or just fishes (Bouain, 1984).
Food habits of groupers
Table 3: Percentage number (N%) and frequency of occurrence (F%) of main prey categories of E. marginatus and E. costae.
Crustacea Molusca Fish
N CV m Nat Rep Ind Octo Deca Gast
E. marginatus
115 16.6 1.56 F 0.9 29.4 8.7 38.3 2.6 0.9 51.3
N 0.53 24.2 5.37 32.25 1.61 1.07 33.33
E. costae
21 12.5 4.95 F 0.00 0.00 0.00 14.29 0.00 0.00 85.71
N 0.00 0.00 0.00 2.88 0.00 0.00 97.12
Number of fish with stomach contents (N); Mean number of ingested organisms per fish (m); Percentage of empty guts (CV%); Natantia (Nat); Reptantia (Rep);
Indeterminate (Ind); Octopus vulgaris (Octo); Decapoda (Deca); Gastropoda (Gast).
Figure 2. Main prey items and percentage number (N) found in the
stomach contents of E. marginatus and E. costae.
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The results of this study are similar to those reported by
Derbal and Kara (1996) for E. marginatus where they could
identify some of the prey species reported in this study. They
report the presence of Chromis chromis (Linnaeus), Maja sp.,
Scyllarus arctus and Octopus vulgaris. Also, there are other
studies were O. vulgaris has been found to be a common com-
ponent of the diet of E. marginatus (Cadenat, 1954; Chauvet,
1991; Derbal and Kara, 1996 and Barreiros and Santos, 1998). 
The majority of the preys found in the stomach contents
identified were benthic species, with the exception of some
pelagic species such as Sardina pilchardus (Walbaum) and
Trachurus trachurus (Linnaeus). Personal observations and
comments suggest that E. marginatus should be considered a
benthic predator that feeds from species located at rocky
sites and sea grass beds. Since previous research indicates
that these are their natural habitats (Heemstra and Randall,
1993), we can conclude that the dusky grouper, E. marginatus
avoids large movements to catch their preys. 
Different preys were observed for the goldblotch
grouper, E. costae, were the main ecological category of
preys was found to be pelagic. Based on direct observations
of the great swimming capacity and a more elongated shape
when compared with the dusky grouper, we can conclude
that E. costae finds its preys mainly throughout the water col-
umn and prefers to feed from small size fish schools.
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Table 4: Percentage number (N%) and frequency of occurrence (F%) of main prey categories according to different weight of dusky grouper, 
Crustacea Molusca Fish
Weight 
N CV m Nat Rep Ind Octo Deca Gast
(Kg)
3 43 27.1 1.59 F 3.45 27.49 27.59 24.14 10.34 0.00 41.38
N 2.17 26.09 21.74 17.39 6.52 0.00 26.09
3-6 26 10.3 1.43 F 0.00 14.29 28.57 28.57 4.76 0.00 52.38
N 0.00 16.67 20.00 20.00 3.33 0.00 40.00
6-9 10 0 1.66 F 0.00 11.11 22.22 44.44 0.00 0.00 66.67
N 0.00 6.67 13.33 33.33 0.00 0.00 46.67
9-12 6 25 1.33 F 0.00 0.00 16.67 83.33 16.67 0.00 16.67
N 0.00 0.00 12.50 62.50 12.50 0.00 12.50
12-15 11 15.4 2 F 0.00 42.86 14.29 57.14 0.00 28.57 42.86
N 0.00 21.43 7.14 35.71 0.00 14.29 21.43
15-18 9 10 1.5 F 0.00 0.00 33.33 50.00 0.00 0.00 50.00
N 0.00 0.00 22.22 44.44 0.00 0.00 33.33
18-21 10 0 1.5 F 0.00 12.50 0.00 62.50 0.00 0.00 62.50
N 0.00 8.33 0.00 41.67 0.00 0.00 50.00
Number of fish with stomach contents (N); Mean number of ingested organisms per fish (m); Percentage of empty guts (CV%); Natantia (Nat); Reptantia (Rep);
Indeterminate (Ind); Octopus vulgaris (Octo); Decapoda (Deca); Gastropoda (Gast).
Figure 3. Prey ecological categories inside stomach contents of E.
marginatus and E.costae. Pelagic (Pe); Benthopelagic (Bp);
Suprabenthic (Sb); Epibenthic (Eb).
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Brulé and Rodríguez-Canché (1993), indicated that a
high percentage of empty stomachs could be observed when
specimens were caught by hook and line. They report a vacu-
ity index of 63.4% for juveniles of E. morio (Valenciennes in
Cuvier and Valenciennes) compared with our result of 25.2%.
Also, the time of capture could influence the vacuity index as
demonstrated by Derbal and Kara (1996) for E. marginatus
captured with spear guns throughout the day. They obtained
a vacuity index of 46.3%. In addition to this, net capture meth-
ods could also affect this index because often fish remain
trapped long enough to allow regurgitation, partial or total
digestion of the food contained inside the stomach.
Smith (1961) and Derbal and Kara (1996), concluded that
food habits of groupers change with size. These results are
consistent with this study were the amount of mollusks and
fishes found in stomachs was more elevated with predator
size, while the amount of crustaceans decreased. There are
similar reports like the ones made by Brulé and Rodríguez-
Canché (1993), they find that crustaceans were the primary
preys in small size E. morio. Parrish (1987) reviewed several
studies were they indicate that fish and decapod crustaceans
are the dominant food preys for groupers. We found similar
results for small size fish, but mollusks and fishes were pre-
dominant diet of large fish.
Derbal and Kara (1996) did not report the presence of
mollusks species inside the stomachs of small size E. mar-
ginatus, which differs with our findings. We found these types
of preys inside the stomachs of 650 g individuals, being
Cephalopods the most predominant mollusks prey.
Regression analysis between O. vulgaris weight and predator
weight was statistically insignificant. However, we observed
that the size of O. vulgaris generally increases with predator
size although occasionally small O.vulgaris can also be found
in large grouper stomachs.
In this study E. marginatus individuals were collected
throughout the year, although the vacuity index fluctuated
seasonally this could indicate that this specie feeds year
round. Results demonstrated a lower feeding activity in win-
ter (CV=80%). This is probably a result of the cold waters in
the Mediterranean Sea. The highest feeding activity was
observed in spring (CV= 0%) followed by summer and autumn
(CV=20%). These findings are different to that observed by
Chauvet (1991) were higher feeding activity is observed
between September and November. These differences can be
attributed to variances in the methodologies followed in both
studies. 
There are several studies (Neill, 1967; Ghafir and
Guerrab, 1992) that coincide with our findings about grouper
daylight feeding activity. Brulé et al. (1994) in studies with E.
morio captured during daylight conclude that it was more
common to find preys inside the stomach throughout the day,
but that feeding habits of groupers are not entirely diurnal as
stomach contents taken from specimens captured at night
were at times fresh enough to indicate recent ingestion. 
Results of present and previous studies indicate that E.
marginatus is a predator fish that feeds on a large number of
different species of fishes, mollusks and crustaceans. In con-
clusion, crustaceans are the smallest prey in relation to fish
size and they are the most common prey of the small dusky
grouper. As groupers reach increase in size they consume
higher amounts of larger preys such as fishes and
cephalopods.
ACKNOWLEDGEMENTS
The authors would like to express their sincere appreci-
ation to FEDAS (Federación Española de Actividades
Subacuáticas) for providing the samples used in this study.
Thanks also to many people who gave time, advice and sup-
port throughout the project including Margarita Kiewek for
English language editing support. The study was supported by
the “Dirección General de Pesca Marítima” of the Catalunya
Goverment in Spain. Appreciation is also extended to the
Government of Spain for providing a Research Grant for one
of the authors.
Food habits of groupers
Table 5: Dietary overlap of stomach contents of dusky grouper, E. marginatus between size classes.
Size class
Weight 
(Kg) 0-3 3-6 6-9 9-12 12-15 15-18 18-21
0-3 N - 0.835 0.635 0.489 0.674 0.652 0.518
3-6 N - - 0.800 0.483 0.652 0.733 0.683
6-9 N - - - 0.583 0.686 0.800 0.867
9-12 N - - - - 0.554 0.694 0.542
12-15 N - - - - - 0.643 0.655
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